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In the cation of the title salt, C9Hi3N202'^ C7H3N206", the 
piperazine ring adopts a slightly distorted chair conformation. 
Twofold rotational disorder is exhibited by the furan ring in a 
0.430 (4):0.570 (4) ratio. In the crystal, N-H- ■ -O hydrogen 
bonds link the ions into chains along [010]. Additional weak 
C— H- ■ O interactions are observed, leading to a supra- 
molecular layer parallel to (Oil). 

Related literature 

For the synthesis of the drug Prazosin {systematic name: 2-[4- 
(2-furoyl)piperazin-l-yl]-6,7-dimethoxyquinazolin-4-amine}, 
see: Honkanen et al. (1980). For the drug l(2-furoyl)- 
piperazine, used in the treatment of high blood pressure and 
anxiety, see: Brogden et al. (1977). For therapeutic uses of 
piperazines, see: Brockunier et al. (2004); Bogatcheva et al 
(2006). For the use of the piperazine moiety in the construc- 
tion of bioactive molecules, see: Choudhary et al. (2006). For a 
related structure, see: Dayananda et al (2012). For puckering 
parameters, see: Cremer & Pople (1975). 



b = 10.4572 (2) A 
c = 33.8766 (7) A 
V = 3402.97 (13) A' 
Z = 8 

Data collection 

Agilent Eos Gemini diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO and CrysAlis 

RED; Agilent, 2012) 

r„i„ = 0.863, r„„,< = 1.000 

Refinement 

R[F^ > 2a(F^)] = 0.043 

^) = 0.123 
S = 1.02 
3352 reflections 
270 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



Cu Ka radiation 
/.t = 1.08 mm"' 
T = 173 K 

0.28 X 0.22 X 0.18 mm 



21195 measured reflections 
3352 independent reflections 
2915 reflections with / > 2o-(/) 
«i„, = 0.079 



10 restraints 

H-atom parameters constrained 
Ap„„, = 0.26 e A"' 
APmin = -0.21 e A"^ 



D-a-A 


D-H 


H- ■ A 


D- ■ A 


D-H-A 


^2B-m.BA- ■ OlA' 


0.99 


2.51 


3.1607 (16) 


123 


N2B-H2B/1- ■ OlA' 


0.99 


1.72 


2.7093 (16) 


176 


N2B-H2BB- ■ Ol^" 


0.99 


1.77 


2.7424 (16) 


166 


C5A-mA-02A''' 


0.95 


2.47 


3.3170 (18) 


148 


C9B-mB- ■ OdA" 


0.95 


2.44 


3.183 (6) 


134 


C8BB-H8BB- ■ 03^" 


0.95 


2.50 


3.395 (5) 


158 


C2B-H2BC- ■ OIB' 


0.99 


2.59 


3.2300 (19) 


122 


Symmetry codes: (i) 
-x-f l,,v-|, -z-l-|;(iv) 


x + \, -y + l 
-X + l,y + \. 


-z+U (ii) 
z; (v) x + l,y, 


-.i + l.-v+l,- 
-z + l. 


-z + 1; (lii) 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis RED (Agilent, 2012); 
program(s) used to solve structure: SUPERFLIP (Palatinus & 
Chapuis, 2007); program(s) used to refine structure: SHELXL2012 
(Sheldrick, 2008); molecular graphics: OLEX2 (Dolomanov et al, 
2009); software used to prepare material for publication: OLEX2. 
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Supporting information for this paper is available from the lUCr 
electronic archives (Reference: TK5314). 




Experimental 

Crystal data 

QHijNjOz^ CvHjNzOe" Orthorhombic, Pbca 

M, = 392.33 a = 9.6060 (2) A 
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4-(Furan-2-carbonyl)piperazin-l -ium 3,5-dinitrobenzoate 

Channappa N. Kavitha^ Manpreet Kaur^ Jerry P. Jasinski^ Ray J. Butcher and H.S. Yathirajan 

1 . Chemical context 

2. Structural commentary 

l(2-Furoyl)piperazine, used to synthesise the drug Prazosin (Honkanen et al, 1980), is the first of a new class of anti- 
hypertensives. It is a sympatholytic drug used to treat high blood pressure and anxiety (Brogden et al. ,1977). Piperazines 
are found in biologically active compounds across a number of different therapeutic areas (Brockunier et al., 2004; 
Bogatcheva et al., 2006). The piperazine moiety is extensively employed to construct various bioactive molecules with 
anti-bacterial and anti-malarial activity, and as anti-psychotic agents (Choudhary et al., 2006). The crystal structures of a 
similar salt viz., cinnarizinium 3,5-dimtrosaUcylate (Dayananda et al, 2012) has been reported. In view of the above 
importance of piperazines, this paper reports the crystal structure of the title salt, (I) C9H13N2O2*. C7H3N2O6". 

The title compound, (I), crystallizes with one mdependent piperazinium cation and a 3,5-dinitrobenzoate anion in the 
asymmetric unit (Fig. 1). In the cation, the piperazine ring adopts a slightly distorted chair conformation with puckering 
parameters Q, (9, and (p = 0.5552 (15)A, 173.13 (14)° and 4.2 (14)°, respectively (Cremer & Pople, 1975). Two-fold 
rotational disorder is exhibited by the furan ring in a 0.430 (4):0.570 (4) ratio represents two different conformations of 
the molecule that exist in the same crystal form. N — H---0 intermolecular hydrogen bonds link the cations and anions into 
infinite 1-D chains along [0 1 0] (Fig. 2). Additional weak C — H— O intermolecular interactions are observed (Table 1) 
forming chains along [0 0 1] resulting in a 2-D supramolecular network structure. 

3. Supramolecular features 

4. Database survey 

5. Synthesis and crystallization 

l(2-Furoyl)piperazme (0.9 g, 0.005 mol) and 3,5-dinitrobenzoic acid (1.0 g, 0.005 mol) were dissolved in Af,A^-dimethyl- 
formamide and stirred for 10 minutes at 333 K. The resulting solution was allowed to cool slowly at room temperature. 
The crystals of salt (I) (M.pt: 453-459 K) appeared after a few days. 

6. Refinement 

All of the H atoms were placed m their calculated positions and then refmed using the riding model with atom — H 
lengths of 0.95 A (CH); 0.99 A (CH2) and 0.92 A (NH2), and with Ui^ =l.2x f/eq(parent atom). Owing to poor 
agreement, the following reflections were omitted from the final cycles of refinement: (2 2 2), (1 2 3), (1 0 6), (0 2 2), (0 
4 1), (2 3 0), (1 2 4), (2 1 2), (1 2 1), (2 3 2) and (1 1 13). 
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Figure 1 

ORTEP drawing of (I) (C9Hi3N202^. C7H3N2O6") showing the labeling scheme with 30% probability displacement 
ellipsoids. Two-fold rotational disorder exhibited by the furan ring in a 0.430 (4):0.570 (4) ratio is displayed. 




Figure 2 

Molecular packing for (I) viewed along the a axis. Dashed lines indicate N — H - 0 intermolecular hydrogen bonds 
forming infinite chain along the b axis and weak C — H - 0 intermolecular interactions. Only the major disordered 
component [0.570 (4)] of the furan ring is displayed. H atoms not involved in hydrogen bonding have been removed for 
clarity. 



4-(Furan-2-carbonyl)piperazin-1 -ium 3,5-dinitrobenzoate 



Crystal data 

CHbNzOj^-CtHsNsOs^ 

= 392.33 
Orthorhombic, Pbca 
a = 9.6060 (2) A 
b = 10.4572 (2) A 
c = 33.8766 (7) A 
K= 3402.97 (13) A' 



Z=8 

F(000)= 1632 
Z)x= 1.532 Mgm-3 
Cu Ka radiation, 1 = 1.54184 A 
Cell parameters from 7148 reflections 
61 = 3.9-72.3° 
= 1.08 mm-' 
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r= 173 K 
Irregular, colourless 

Data collection 

Agilent Eos Gemini 

diffractometer 
Detector resolution; 16.0416 pixels mm"' 
CO scans 

Absorption correction: multi-scan 
(CrysAlis PRO and CrysAlis RED; Agilent, 
2012) 

7^ = 0.863,7;^ =1.000 
Refinement 

Refinement on 

Least-squares matrix: full 

7?[7^ > 2t7(7^)] = 0.043 

w7?(7^) = 0.123 

S= 1.02 

3352 reflections 

270 parameters 

10 restraints 

Primary atom site location: structure-invariant 
direct methods 



0.28 x 0.22 x0.18 mm 



21195 measured reflections 
3352 independent reflections 
2915 reflections with /> 2(7(7) 
7?i,, = 0.079 

^max 72.4 , 0\xaa. 5.2 

A = -10^11 
A: = -12^12 
/ = -30^41 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = \/[a^iFo^) + (0.0723P)2 + 0.8847P] 

where 7' = (7^o' + 2/'/)/3 
(A/(t)„,x = 0.001 
AjOmax = 0.26 e A"' 
Ap™„ = -0.21 e A-3 

Extinction correction: SHELXL2012 (Sheldrick, 

2008), Fc=kFc[l+0.001xFc2iVsin(2(9)]-'"' 
Extinction coefficient: 0.0015 (3) 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds m cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


U- *IU 


Occ. (<1) 


OlA 


0.36870 (12) 


0.57178 (10) 


0.63310(3) 


0.0284 (3) 




02A 


0.28703 (12) 


0.69735 (10) 


0.68122 (3) 


0.0317 (3) 




03A 


0.42159 (14) 


0.60237 (15) 


0.81693 (3) 


0.0463 (4) 




04A 


0.58504 (14) 


0.46802 (13) 


0.82985 (3) 


0.0415 (3) 




05A 


0.82825 (13) 


0.26144(13) 


0.72229 (4) 


0.0456 (3) 




06A 


0.77657(15) 


0.31036(13) 


0.66197 (4) 


0.0468 (4) 




NIA 


0.51100(13) 


0.52552 (13) 


0.80671 (4) 


0.0281 (3) 




N2A 


0.75838 (14) 


0.31806(13) 


0.69759 (4) 


0.0326 (3) 




CIA 


0.36297 (15) 


0.60956 (14) 


0.66819 (4) 


0.0239 (3) 




C2A 


0.45703 (14) 


0.54250(13) 


0.69778 (4) 


0.0224 (3) 




C3A 


0.44092 (15) 


0.56475 (13) 


0.73799 (4) 


0.0223 (3) 




H3A 


0.3713 


0.6217 


0.7473 


0.027* 




C4A 


0.52856 (15) 


0.50207 (14) 


0.76415 (4) 


0.0233 (3) 




C5A 


0.63161 (15) 


0.41803 (14) 


0.75234 (4) 


0.0252 (3) 




H5A 


0.6891 


0.3744 


0.7708 


0.030* 




C6A 


0.64582 (15) 


0.40151 (14) 


0.71212 (4) 


0.0254 (3) 




C7A 


0.56135 (15) 


0.46153 (14) 


0.68461 (4) 


0.0241 (3) 




H7A 


0.5748 


0.4474 


0.6572 


0.029* 
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(JId 


A A m 11 /I c^ 
U.4yzl3 (Ij) 


0. IZob 1 (io) 


O.Mjzz (4j 


0.055 / (4) 




02B 


0.6605 (4) 


A /T/'T? / A\ 

0.6627 (4) 


0,57013 (17) 


A AO /IT /'/'\ 

0.0347 (6) 


A ,1 O A I' A \ 

0,430 (4) 


Cod 


U.o/z (3) 


0.602 (3) 


0.5349 (8) 


A A01 

0.0z3 (z) 


A /I OA f A\ 

0.430 (4) 


C7B 


0.7724 (9) 


0.5082 (8) 


AOOC1 /I A\ 

0.53851 (19) 


A AO 1 1 /0\ 

0.0311 (8) 


A /I O A / A\ 

0.430 (4) 


H /B 


A O 1 AO 


A y1 C O C 


A c 1 nn 
0.51 / / 


A AO T* 
0.03 


A /I O A / A\ 

0.430 (4) 


CoB 


A OA/C? /T\ 

O.oOo/ (/) 


A ^AAO in\ 

0.4998 (/) 


0.5 /86 (z) 


A AOAO /I C\ 

0.039z (15) 


A /I O A /" A\ 

0.430 (4) 


TTOT> 

HoB 




(\ A10Q 

0.4388 


A CA1 A 

0.5910 


A A/1 T* 
0.04 


A A1(\ t^A\ 

0.430 (4) 




A Tin A /'^\ 

0.7390 (6) 


0.5956 (6) 


0.59554 (18) 


A A /I AC /'AX 

0.0405 (9) 


A /I O A ^ A\ 

0.430 (4) 




n -7/1 CA 

U. /4j4 


A /: 1 /I A 


0.OZZ9 


A A/I A* 


A /I OA ( A\ 

U.4jU (4) 


02BB 


0.7728 (4) 


A CAOT / A\ 

0.5083 (4) 


A COTAA /OA 

0.52700 (8) 


A AO /I T / /'X 

0.0347 (6) 


A C T A / A\ 

0.570 (4) 


CorJrJ 


A /Cfi/I ■3/1 fi\ 

u.6y43 (ly) 


0.613 (2) 


0.5349 (6) 


0.023 (2) 


0.5 /O (4) 


C7BB 


0.6920 (4) 


0.6323 (4) 


0.57507 (17) 


A AO 1 1 /0\ 

0.0311 (8) 


A C^f\ / A\ 

0.570 (4) 


I in I) It 

rl/rJrJ 


U.63 /U 


U.6yj6 


A ZQQn 

U.5oo / 


U.U3 / 


U.5 /U (4) 




0. /ODD p) 


0.5455 (5) 


0.5922/ (13) 


A A'5 m / 1 c\ 

0.0392 (15) 


A C7A tA\ 
0.5 /O (4) 


H8BB 


0.8115 


0.5390 


0.6193 


0.047* 


0.570 (4) 


C9BB 


A O O AT / /I \ 

0.8307 (4) 


0.4732 (4) 


A C/^1T/1 /I A\ 

0.56174 (14) 


A A /I AC /A\ 

0.0405 (9) 


0.570 (4) 




A OA^Q 


A A AC /I 

0.4054 


A C/T/l A 

0.5o44 


A A/1 

0.049 


A ^^A t A\ 

U.5 /U (4) 


NIB 


0.62643 (12) 


A £: C 1 A A /I '>\ 

0.65199 (13) 


A A £1 C A C /0\ 

0.46545 (3) 


A A'^C 1 /0\ 

0.0251 (3) 




N2B 


0.69338 (13) 


0.67832 (11) 


0.38373 (3) 


0.0233 (3) 




H2BA 


A TJ 1 1 

0. /3ii 


A CO 

0. /252 


0.360 / 


A AOO* 

0.028^ 




H2BB 


0.6603 


A C AO O 

0.5938 


A T /I C 

0.3745 


A AOO* 

0.028* 




CIB 


0.75009 (15) 


A COOOt /I C\ 

0.58881 (15) 


A A AC\A A / A\ 

0.44944 (4) 


A A'^ A O /0\ 

0.0248 (3) 




TT 1 A 

HIBA 


0.7zo4 


A C AA 1 

0.5001 


A /I /I 1 T 

0.4417 


A AO A A 

0.030^ 




HIBB 


0.8233 


A C O y1 A 

0.5849 


A A nf\f\ 

0.4700 


A AO Asts 

0.030* 




C2B 


0.80476 (15) 


0.66087 (15) 


0.41378 (4) 


0.0262 (3) 




H2BC 


A O y1 A A 

0.8400 


0.7456 


A /1 1 1 '^ 

0.4zzz 


A AO 1 A 

0.031^ 




H2BD 


0.8832 


0.6128 


0.4020 


0.031* 




C3B 


0.57552 (16) 


A TCIAA /1C\ 

0.75100 (15) 


A /I A 1 AT / /I \ 

0.40107 (4) 


A AOTO /0\ 

0.0273 (3) 




1 1 _ ' I ) / \ 












H3BB 


0.6079 


0.8367 


0.4094 


0.033* 




C4B 


0.51769(15) 


0.67938 (17) 


0.43631 (4) 


0.0301 (4) 




H4BA 


0.4435 


0.7311 


0.4488 


0.036* 




H4BB 


0.4756 


0.5980 


0.4273 


0.036* 




C5B 


0.59507 (16) 


0.66629 (16) 


0.50423 (4) 


0.0299 (4) 




Atomic displacement parameters (A^) 














OlA 


0.0419 (6) 


0.0242(5) 0.0189(5) 


0.0007 (4) 


-0.0049 (4) 


-0.0006 (4) 


02A 


0.0430 (6) 


0.0275 (6) 0.0246 (5) 


0.0102 (5) 


-0.0106 (4) 


-0.0032 (4) 


03A 


0.0509 (8) 


0.0651 (9) 0.0228 (6) 


0.0221 (7) 


0.0003 (5) 


-0.0018 (5) 


04A 


0.0528 (8) 


0.0454 (7) 0.0262 (6) 


0.0075 (6) 


-0.0137 (5) 


0.0072 (5) 


05A 


0.0365 (7) 


0.0445 (7) 0.0560 (8) 


0.0169 (6) 


-0.0095 (6) 


-0.0018 (6) 


06A 


0.0505 (8) 


0.0472 (8) 0.0427 (7) 


0.0127 (6) 


0.0179 (6) 


0.0016 (6) 


NIA 


0.0314(6) 


0.0315 (7) 0.0216(6) 


-0.0008 (5) 


-0.0046 (5) 


0.0036 (5) 


N2A 


0.0269 (6) 


0.0275 (7) 0.0433 (8) 


0.0004 (5) 


0.0028 (6) 


0.0001 (6) 


CIA 


0.0305 (7) 


0.0198(7) 0.0214(7) 


-0.0021 (6) 


-0.0054 (6) 


0.0016(5) 


C2A 


0.0249 (7) 


0.0206 (7) 0.0218 (7) 


-0.0045 (5) 


-0.0035 (5) 


0.0024 (5) 


C3A 


0.0233 (7) 


0.0204 (7) 0.0233 (7) 


-0.0013 (5) 


-0.0028 (5) 


0.0001 (5) 


C4A 


0.0252 (7) 


0.0240 (7) 0.0207 (6) 


-0.0041 (6) 


-0.0027 (5) 


0.0023 (5) 
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U.OZ-54 ( /) 


A AT2^ /"7^ 

O.Ozo^ (/) 


O.Ozd / (/) 


A AA1 T /'^A 

—0.001 / (j) 


A AA^T 

—0.00 J / (6) 


A AA/1 1 ^^^\ 
0.U043 (o) 


r^c A 
CoA 


U.OZZJ (/) 


A Aoo /I /n\ 
0.0zz4 (/) 


A A1 1 £ /'n\ 
0.0316 (/) 


A AA1 /I /C\ 

—0.0014 (^) 


A AAA /I ^ ii \ 

—0.0004 (6) 


A AAAA 

O.OOOV (o) 


r^n A 
C/A 


U.Uzoo (/) 


0.0236 (/) 


A A0 1 c /'n\ 
O.OzO (/) 


A AA1 o /■/c:a 
— 0.003 0 (6) 


A AAA /I iZ\ 

—0.0004 [p ) 


A AAA"7 /C\ 

—0.000/ (5) 


UId 


U.Ujjz (6j 


A ACylO /I 1 ^ 

0.0o4z (11) 


O.Oz /o (0) 


0.03 /j (o) 


A A 1 1 T 

0.011 / (0) 


A AAOA 

O.OOzO (oj 


Uzd 


U.U44/ (,11) 


A A/1 A/; ^^ A\ 
0.0400 (11) 


0.01(5o (11) 


A AA'7^ /OA 

0.00/ J (o) 


A f\f\Zf^ /'I 0\ 

— 0.00j6 (Iz) 


A AA'2 Q 1.\ 

0.003o (13) 




u.uiy (Dj 


A AOA /1\ 

o.ozy (3) 


A AO A A /'n\ 

O.OzOO (/) 


A A 1 A / A\ 

—0.010 (4) 


A AA1 /1\ 

0.003 (3) 


A A A ^ a ^ ^ A\ 
0.0016 (14) 


C/B 


A AO A A i"\ A\ 

U.Uj44 (14) 


0.035/ (Ij) 


A AOO /OA 

O.Ozz (z) 


A AAAA /I 1 \ 

o.oooy (11) 


— 0.00j4 (1 /) 


A AAO/1 /I OA 

0.00z4 (lo) 


CoB 


A f\A A /^\ 

0.044 (z) 


A A /I A /I \ 

0.04^* (3) 


A AO /I /0\ 

0.0z4 (z) 


A A1 £. /1\ 

—0.016 (3) 


A A 1 T /OA 

—0.01 / (z) 


A A 1 C /OA 

0.015 (z) 


cyB 


A A/1 /n /■! 
0.044/ (loj 


A A/1 0"^ /I OA 

0.04oZ (lo) 


A AO 0/1 /■! /I A 

0.0Zo4 (14) 


A aa/;t lA 
— O.OOo / (13) 


A A1/10 /'I^A 

— 0.014o (1 j) 


A A 1 /I 1 /■ 1 ^A 

0.0141 (loj 


(JzBB 


0.044/ (11) 


0.0406 (11) 


O.Oloo (11) 


A AATC /0\ 

0.00 /D (o) 


A /I 0\ 

—0.0056 (Iz) 


A AA1 O / 1 1 A 

0.003o (13) 


CoBB 


A A1 A 

o.oiy (Dj 


A A'>A /"-lA 

o.ozy (3) 


A AO A A /n\ 

O.OzOO (/) 


A A1 A /"/lA 

—0.010 (4) 


A AA'^ /"3\ 

0.003 (3) 


A AA1 £i ^'^ A\ 

0,0016 (14) 


C/BB 


A A1 A A /A A\ 
0.0344 (14) 


A A1 / 1 C\ 

0.036/ (O) 


A AOO /"OA 

O.Ozz (z) 


A AAAA / 1 1 \ 

o.oooy (11) 


A AAC ^ /'I TA 

—0.0054 (1 /) 


A A AO /I / 1 OA 

0.00z4 (lo) 


UoBB 


A f\A A 

0.044 (z) 


A A/1 O 

0.04y (3 ) 


A AO/1 /OA 

0.0z4 (z) 


A A1 /TN 

—0.016 (3) 


A AIT /'OA 

—0.01 / (zj 


A A1 ^ /OA 

0.015 (z) 


CyBB 


A A/1 /tT /I 

0.044/ (16) 


A A/1 O /I 0\ 

0.04oZ (lo) 


A AO OA / 1 /I \ 

0.0z64 (14) 


—0.006/ (13) 


A A 1 /I O /I C\ 

—0.0140 (15) 


A A1 /I 1 /I /:;A 
0.0141 (16) 


NIB 


A AT? ^ 

0.0236 (6) 


A AT /I T /"TX 

0.0343 (7) 


0.0174 (6) 


A AA /I C 

0.0045 (5) 


A AA 1 O /"/I \ 

0.0012 (4) 


A AA 1 T /CA 

0.0017 (5) 


■M7R 






u.u i D J ) 








CIB 


0.0267 (7) 


0.0294 (7) 


0.0184 (6) 


0.0052 (6) 


0.0015 (5) 


-0.0009 (5) 


C2B 


0.0242 (7) 


0.0351 (8) 


0.0192 (7) 


-0.0006 (6) 


0.0010 (5) 


-0.0008 (6) 


C3B 


0.0303 (7) 


0.0289 (7) 


0.0227 (7) 


0.0020 (6) 


-0.0026 (6) 


0.0030 (6) 


C4B 


0.0233 (7) 


0.0444 (9) 


0.0227 (7) 


0.0024 (6) 


0.0003 (6) 


0.0059 (6) 


C5B 


0.0330 (8) 


0.0354 (8) 


0.0212 (7) 


0.0056 (7) 


0.0042 (6) 


0.0007 (6) 



Geometric parameters (A, °) 


OlA— CIA 


1.2539(17) 


C9B— H9B 


0.9500 


02A— CIA 


1.2529 (18) 


02BB— C6BB 


1.35 (3) 


03A— NIA 


1.2261 (18) 


02BB— C9BB 


1.352 (5) 


04A— NIA 


1.2173 (17) 


C6BB— C7BB 


1.38 (2) 


05A— N2A 


1.2251 (19) 


C6BB— C5B 


1.517(9) 


06A— N2A 


1.2220(19) 


C7BB— H7BB 


0.9500 


NIA— C4A 


1.4722 (18) 


C7BB— C8BB 


1.405 (6) 


N2A— C6A 


1.4741 (19) 


C8BB— H8BB 


0.9500 


CIA— C2A 


1.5208 (19) 


C8BB— C9BB 


1.352 (6) 


C2A— C3A 


1.3905 (19) 


C9BB— H9BB 


0.9500 


C2A— C7A 


1.386 (2) 


NIB— CIB 


1.4634 (18) 


C3A— H3A 


0.9500 


NIB— C4B 


1.4656(18) 


C3A— C4A 


1.387 (2) 


NIB— C5B 


1.3563 (19) 


C4A— C5A 


1.383 (2) 


N2B— H2BA 


0.9900 


C5A— H5A 


0.9500 


N2B— H2BB 


0.9900 


C5A— C6A 


1.380 (2) 


N2B— C2B 


1.4880(18) 


C6A— C7A 


1.386 (2) 


N2B— C3B 


1.4848 (19) 


C7A— H7A 


0.9500 


CIB— HIBA 


0.9900 


OIB— C5B 


1.226(2) 


CIB— HIBB 


0.9900 


02B— C6B 


1.36(3) 


CIB— C2B 


1.5178(19) 


02B— C9B 


1.342 (6) 


C2B— H2BC 


0.9900 


C6B— C7B 


1.38(3) 


C2B— H2BD 


0.9900 


C6B— C5B 


1.444(12) 


C3B— H3BA 


0.9900 


C7B— H7B 


0.9500 


C3B— H3BB 


0.9900 


C7B— C8B 


1.401 (8) 


C3B— C4B 


1.515 (2) 


C8B— H8B 


0.9500 


C4B— H4BA 


0.9900 
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C8B — C9B 


1.325 (9) 


03A — N 1 A — C4A 


117.76 (12) 


/^A A XT1 A A 

04A — N 1 A — 05 A 


123.46 (13) 


04 A — N 1 A — L4A 


118.78 (13) 


05A — NzA — Co A 


117.39 (14) 


UoA — N2A — (J5A 


124.34 (14) 


(J 6 A — N 2 A — L 6 A 


118.27 (13) 


/^1A /^lA /^OA 

(J i A — C 1 A — Cz A 


116.9/ (13) 


A 1 A 1 A 

02A — CIA — OlA 


126.19 (13) 


U2 A — C 1 A — Cz A 


1 1 ^ O /I /I 

116,84 (12) 


C3A — C2A — CIA 


120.16 (13) 


C / A — Cz A — C 1 A 


119.94 (13) 


C7A — C2A — C3A 


119.88 (13) 


C2A — C3A — H3A 


120.7 


A A A /^'^ A 

C4A — C3A — C2A 


110 /' C /lOX 

118.65 (13) 


C4A — C3A — Hi A 


120. / 


/"il A A A XT1 A 

C3A — C4A — NIA 


118.53 (13) 


A A A XT1 A 

C5A — C4A — NIA 


110 11 /l-^X 

118.11 (12) 


/~^C A A A i^l A 

L5A — C4A — C3A 


123.36 (13) 


C4A — C3A — H^A 


122.1 


CoA — C5A — C4A 


115.85 (13) 


C6A — C5A — H5A 


122.1 


/^C A /^ZT A XTT A 

C5A — CoA — NzA 


118.44 (13) 


C5A — CoA — C7A 


1T> /1yl\ 

123.33 (14) 


A A XT1 A 

C7A — CoA — NzA 


110 11 /ITN 

110.22 (13) 


C2A — C7A — C6A 


118.91 (13) 


A /^n A TT"? A 

CzA — C7A — H7A 


1 1A C 

120.5 


CoA — C7A — ^H7A 


120.5 


/~^r\T> ^^'^T> /^jCT> 

CVB — Ozb — CoB 


1U5.0 (9) 


02B — C6B — C7B 


1 AO O /AA 

108.3 (9) 


/~v/-\T-» /~1^T1 

02B — C6B — C5B 


112 (2) 


C la — CorJ — CdB 


139 (3) 


C6B — C7B — H7B 


126.5 


i~^/"r^ /^Tri /^OT~i 

C6B — C7B — C8B 


1 AT 1 / 1 T \ 

107.1 (13) 


CoB — C7B — H7B 


126.5 


C7B — CoB — HftB 


1 T7 ^ 

127.6 


/^r\T~> /^ori /^TT~j 

C9B — C8B — C7B 


1 A /I A /'C\ 

104.9 (5) 


C9B — C8B — H8B 


127.6 


/"V^Ti /~<f\Ti TTrtTi 

(JzB — cyB — HyB 


1 A 

123.4 


/^CD r^'HD r^oo 
CoB — C^B — (JzB 


113.2 (5) 


/^or> /^r\r> TTrvn 

C8B — C9B — H9B 


123.4 


CodB — U2r5r5 — CVoB 


106.0 (/) 


02BB— C6BB— C7BB 


109.0 (7) 


02BB— C6BB— C5B 


120.9 (17) 


C7BB— C6BB— C5B 


127.6(18) 


C6BB— C7BB— H7BB 


126.2 


C6BB— C7BB— C8BB 


107.6 (9) 



C4B— H4BB 0.9900 



C8BB — C7BB — ^H7BB 


126.2 


C7BB — CoBB — ^HoBB 


1 o 

127.8 


/~^A"r>"r> /~^o"r>"r> /~^'7"r>T> 

C9BB — CoBB — C7BB 


1 A /I A / A\ 

104.4 (4) 


C9BB — C8BB — H8BB 


127.8 


/~\'^T1T> /"^Ann TTAT>1~> 

02BB — C9BB — ^H9BB 


1 I'* T 

123.7 


C8BB — C9BB — 02BB 


111 C / A\ 

112.5 (4) 


C8BB — C9BB — H9BB 


123.7 


CIB — NIB — C4B 


11/1 /^/^ /11\ 

114.66 (11) 


C5B — N 1 B — C 1 B 


1 1^ AA /I 1\ 

126.09 (12) 


C5B — NIB — C4B 


IIOII /I^X 

118.21 (12) 


H2BA — ^N2B — H2BB 


108.2 


/~"^T1 XT'^T* TTm A 

C2B — N2B — H2BA 


1 AA T 

109.7 


C2B — N2B — H2BB 


109.7 


/"^ '> r-) XTm TTn~* A 

C3B — N2B — H2BA 


109.7 


C3B — ^N2B — H2BB 


109.7 


/"^in xTm /"im 

C3B — N2B — C2B 


1 AA A A /I 1 \ 

109.90 (11) 


XT 1 "T* /"I 1 T~> T T 1 1~> A 

NIB — CIB — HIBA 


109.5 


XT 1 "T* 1 T T 1 n T» 

NIB — CIB — HIBB 


109.5 


XT1T1 /~11T» /~HT1 

N 1 B — C 1 B — C2B 


1 1 A CC\ /I 1\ 

110.59 (12) 


HIBA — CIB — ^HIBB 


108.1 


C2B — C 1 B — H 1 B A 


109.5 


C2B — C 1 B — H IBB 


109.5 


N2B — C2B — C 1 B 


1 1 A AA /I 1\ 

110.90 (12) 


N2B — C2B — H2BC 


109.5 


N2B — C2B — H2BD 


109.5 


CIB — C2B — H2BC 


109.5 


C 1 B — C2B — H2BD 


1 AA C 

109.5 


H2BC — C2B — H2BD 


108.0 


XTH~> /^OT* TTOT"* A 

N2B — C3B — H3BA 


109.7 


N2B — C3B — ^H3BB 


109.7 


N2B — C3B — C4B 


1 AA TO /I 1\ 

109.78 (12) 


H3BA — C3B — H3BB 


108.2 


f\ A~W~\ /—I -) r~> TTTT* A 

C4B — C3B — H3BA 


109.7 


C4B — C3B — H3BB 


1 AA T 

109.7 


N IB — C4B — C3B 


111 An /"I 

111.47 (12) 


XT 1 F") /' ' A 1~i Tl A r> A 

N 1 B — C4B — H4B A 


109.3 


N IB — C4B — H4BB 


109.3 


^0"D /^/lr> XJ/ID A 

C3B — C4rs — H4i3A 


1 AA 

109.3 


C3B— C4B— H4BB 


109.3 


H4BA— C4B— H4BB 


108.0 


OIB— C5B— C6B 


115.6(15) 


OIB— C5B— C6BB 


119.1 (10) 


OIB— C5B— NIB 


121.96(15) 


NIB— C5B— C6B 


122.1 (15) 


NIB— C5B— C6BB 


118.8(10) 
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0 1 A — C 1 A — Cz A — Ci A 


-169.82 (13) 


C7b — Cob — C5B — NIB 


in I A\ 

-10 (4) 


0 1 A — CIA — Cz A — C7 A 


11.8 (2) 


/^'7T~* /^OT~> /^fM~) /^Tr> 

C7B — CoB — C9B — U2B 


2.0 (7) 


02A — CIA — C2A — C3 A 


10.2 (2) 


C9B — 02B — CoB — C7B 


-8(2) 


Uz A — C 1 A — C2 A — C7 A 


—168.20 (14) 


/~if\T-> i^OlTl /~1^T> /~^CT> 

C9B — OzB — CoB — C5B 


1 no a /I A\ 

—178.6 (14) 


A XT1 A t"^ A A A 

03A — N 1 A — L4A — Li A 


-1.9 (2) 


OzBB — CoBB — C7BB — CoBB 


6.9 (14) 


OS A — 1 A — C4A — C5A 


178.35 (15) 


02BB — C6BB — C5B — OIB 


153.1 (11) 


A XT1 A A A A 

U4A — N 1 A — C4A — CJ A 


177.96 (14) 


02BB — C6BB — C5B — C6B 


85 (17) 


A A XT1 A /I A /^C A 

(J4A — N 1 A — L4A — C5A 


-1.8 (2) 


UzBB — CoBB — C5B — N IB 


— z9.6 (18) 


(j5A — N2A — CoA — C5A 


4.4 (2) 


/^jcrjT) /^"^FiFj /^AFiFj /^onn 

CoBB — OzBB — C9BB — C8BB 


/II /I A\ 

4.1 (10) 


USA — N2A — CoA — C7A 


—176.94 (14) 


/^^rjT5 /^TFlTi /^OrjTl /^AF1T5 

CoBB — C7BB — CoBB — C9BB 


A / 1 A\ 

—4.2 (10) 


UoA — N2A — CoA — C5A 


—175.20 (14) 


C7BB — C6BB — C5B — (J 1 B 


-7(2) 


UoA — N2A — CoA — C7A 


3.5 (2) 


C7BB — CoBB — C5B — CoB 


-75 (17) 


JN 1 A — C4A — CjA — CoA 


—1 /o.o3 (Iz) 


C /BB — CoBB — CjB — JN IB 


1 /O.O (13) 


N 2 A — CoA — C7 A — C2 A 


—178.59 (13) 


C7BB — CoBB — C9BB — (J2BB 


A 1 /C\ 

0.1 (5) 


1 A /^'^ A A /I A 

CIA — C2A — C3A — C4A 


-179.95 (12) 


r\ n T-> /~\Tr>"n /"^/'TTn /"^tttti 

C9BB — 02BB — C6BB — C7BB 


-6.7 (14) 


CIA — LzA — C7A — CoA 


179.97 (13) 


C9BB — (JzBB — C6BB — C5B 


1 TA 1 / 1 1 \ 

-170.1 (11) 


CzA — C3A — C4A — JN i A 


—1 /y.oz (iz) 


N i B — C 1 B — CzB — N zB 


—54.25 (16) 


CzA — C3A — C4A — C5A 


-0.1 (2) 


NzB — C3B — C4B — N IB 


C C 11 /I '7\ 

55.11 (17) 


C3A — C2A — C7A — CoA 


1.6 (2) 


C 1 B — N 1 B — C4B — C 3 B 


c 1^ /io\ 

-52.13 (18) 


C3A — C4A — C5A — CoA 


1.6 (2) 


C 1 B — N 1 B — C 5B — (J 1 B 


176.66 (17) 


C4A — C5A — CoA — NzA 


177.02 (13) 


CIB — JN IB — C5B — CoB 


A T / 1 C\ 

-9.7 (15) 


A A r^C A t~^£. A /"^T A 

C4A — C5A — CoA — C7A 


-1.6(2) 


C 1 B — N 1 B — C5B — CoBB 


A '? /I A\ 

—0.3 (10) 


C5A — CoA — C7A — C2A 


0.0 (2) 


C2B — N2B — C3 B — C4B 


-59.34 (15) 


C/A — CzA — C3A — C4A 


-1.6 (2) 


C3B — JN 2B — C2B — C 1 B 


59.48 (15) 


<^'>'D /~^/Cr> /*^'7'D /~^OTD 

UzB — Cod — C /D — Cod 


9(2) 


/~^>1D XT1D /~^1D /''OD 

C4B — JN 1 B — C 1 B — CzB 


CI 1 O /"I 'TA 

51.18 (1 /) 


U2B — C6B — C5B — OIB 


-29 (2) 


C4B — NIB — C5B — OIB 


-15.7 (3) 




0/(1/) 


CAVi MIR P^R PfiR 


1 ^7 0 (^A\ 


U2B— C6B— C5B— NIB 


157.2(12) 


C4B— N 1 B— C5B— C6BB 


167.3 (10) 


C6B— 02B— C9B— C8B 


3.4 (14) 


C5B— C6B— C7B— C8B 


176 (3) 


C6B— C7B— C8B— C9B 


-6.6 (14) 


C5B— C6BB— C7BB— C8BB 


168.9(14) 


C7B— C6B— C5B— 0 IB 


164 (3) 


C5B— NIB— CIB— C2B 


-140.79 (15) 


C7B— C6B— C5B— C6BB 


-80 (17) 


C5B— NIB— C4B— C3B 


138.83 (15) 


Hydrogen-bond geometry (A, °) 


D—Yl-A 


D—H 


U-A D-A 


D—R-A 


mB—mBA-o\A 


0.99 


2.51 3.1607 (16) 


123 


mB—mBA-oiA' 


0.99 


1.72 2.7093 (16) 


176 


mB—mBB-oiA" 


0.99 


1.77 2.7424(16) 


166 


CSA—aSA-OlA^^ 


0.95 


2.47 3.3170(18) 


148 


C9B—n9B-06A" 


0.95 


2.44 3.183 (6) 


134 


CSBB—mBB-OSA" 


0.95 


2.50 3.395 (5) 


158 


C25— H2SC-01fi' 


0.99 


2.59 3.2300 (19) 


122 



Symmetry codes: (i) 1/2, -;H-3/2, -z+1; (ii) -x+\, -jH-1, -z+1; (iii) -z+3/2; (iv) -x+V2, >H-l/2, z; (v) x+1/2, y, -z+3/2. 
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